Background Athletic groin pain remains a common field-based team sports time-loss injury. There are few reports of non-surgically managed cohorts with athletic groin pain. Aim To describe clinical presentation/examination, MRI findings and patient-reported outcome (PRO) scores for an athletic groin pain cohort. Methods All patients had a history including demographics, injury duration, sport played and standardised clinical examination. All patients underwent MRI and PRO score to assess recovery. A clinical diagnosis of the injured anatomical structure was made based on these findings. Statistical assessment of the reliability of accepted standard investigations undertaken in making an anatomical diagnosis was performed. Result 382 consecutive athletic groin pain patients, all male, enrolled. Median time in pain at presentation was (IQR) 36 (16-75) weeks. Most (91%) played field-based ball-sports. Injury to the pubic aponeurosis (PA) 240 (62.8%) was the most common diagnosis. This was followed by injuries to the hip in 81 (21.2%) and adductors in 56 (14.7%) cases. The adductor squeeze test (90°hip flexion) was sensitive (85.4%) but not specific for the pubic aponeurosis and adductor pathology (negative likelihood ratio 1.95). Analysed in series, positive MRI findings and tenderness of the pubic aponeurosis had a 92.8% posttest probability. Conclusions In this largest cohort of patients with athletic groin pain combining clinical and MRI diagnostics there was a 63% prevalence of PA injury. The adductor squeeze test was sensitive for athletic groin pain, but not specific individual pathologies. MRI improved diagnostic post-test probability. No hernia or incipient hernia was diagnosed. Clinical trial registration number NCT02437942.
INTRODUCTION
The groin is classically described as the inguinal region (L. inguen) at the junction of the abdomen and thigh. 1 In an athletic population, chronic pain and injury in this area commonly presents in multidirectional sports including soccer, 2 Australian rules football, 3 gaelic football, 4 ice hockey 5 and rugby union. 6 7 Recent work in football reports an incidence of up to 2.1/1000 h of play for groin injury. 8 A systematic review 9 reported 33 different terminologies in 72 studies including 'osteitis pubis' 10 in Australia; to 'Gilmores' groin in the UK; 11 'sportsman's hernia' in Europe; 12 13 and 'slap shot gut' in North America.
14 A recent surgical consensus group agreed on the descriptor 'inguinal disruption', while agreeing a visible or palpable disruption may not be obvious at presentation. 15 These diagnoses are of purportedly injured anatomical structures and surgical approaches may be broadly grouped into tensioning, 11 16 17 detensioning [18] [19] [20] [21] of the soft tissues of the inguinal region and in some patients hip arthroscopy. 22 23 In the past decade, there has been increasing recognition that hip morphological changes can contribute to athletic groin pain. 24 Whether this justifies a 365% increase in hip arthroscopy among 20-39-year-olds in the USA 23 is questionable. This focus on early default to surgical intervention may be due to the perception of faster return to play over rehabilitation. 25 Recent evidence 25a contradicts this, a clearer description of the conservative management is therefore timely. Weir 26 characterised pain in the groin area in an athletic population as 'the field of athletic groin injuries', similarly we employ the umbrella term 'athletic groin pain'.
The four main cross-sectional studies in this area vary considerably in presenting diagnosis. Renström and Peterson 27 described primarily adductor and rectus abdominis pathology. Lovell et al diagnosed incipient hernia in 50% of cases, while, Hölmich 28 diagnosed adductor longusrelated pathology in 58% of cases and sports hernia-related in 1.4%. Bradshaw et al 29 reported pathology of the hip in 46% of cases, osteitis pubis in 22%. None of these studies had a complete series of prospectively-gathered standardised clinical examination, MRI and patient-reported outcome measures (PROM).
Different sporting cohorts or geographical populations may explain this variance in diagnosis, but it is more likely to represent the interpretation of clinical examination. These variations do not appear to have been accompanied by a corresponding change in management. 30 31 In 2009, we published a means of simplifying the anatomical diagnostic process based on simple clinical algorithms used in clinical practice 32 (figure 1). Our experience is that specific MRI protocols 33 have played a role in the clinical differentiation process. Ultrasound examination of the groin is only partially effective; it facilitates a dynamic examination of the soft tissue structures of the Open Access Scan to access more free content groin; it is non-diagnostic for joint pathology or bone marrow oedema (BMO).
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Patient function and the impact of injury on physical function are important factors to assess outcome. The Copenhagen Hip and Groin Outcome Score (HAGOS) 35 36 is a validated tool which reflects these issues. This study included a PROM as part of initial assessment and ongoing monitoring throughout the rehabilitation process.
We aimed to describe clinical presentation, physical examination, MRI findings and PROM for a consecutive group of athletes presenting to a secondary and tertiary referral clinic with athletic groin pain.
METHODS
Clinical examination was completed by two consultant sports physicians and senior physiotherapist and followed an agreed standardised format, 37 based on prior publication. 32 The patient undressed to underwear and hip joint range of motion (flexion, internal and external rotation) was assessed. Hip provocation tests, flexion adduction internal rotation 38 (FADIR) and flexion abduction external rotation 38 (FABER), were performed. Adductor squeeze tests (bilateral resisted adduction) 39 at 90°, 45°and 0°hip flexion were performed (abbreviated as SQ90°, SQ45°and SQ0°). The crossover test 40 and squeeze test 39 were used to measure pain provocation and load tolerance through the pelvic ring. Prone internal and external rotation of the hip, Gaenslen's test 41 and hip extension were performed. Slump test, 42 femoral slump test, 43 Thomas and Modified Thomas tests 38 were performed. Palpation of the adductor insertion to tubercle, pubic symphysis and superficial and deep inguinal ring scrotal invagination were performed.
A consultant sports physician read all MRI scans at initial consultation and recorded structural pathology, a consultant radiologist subsequently reported all scans, the contents of which were recorded for this study. In particular abnormalities of the adductor origin, pubic aponeurosis, pubic bone, iliopsoas muscle or hip joints were recorded. Pubic BMO was recorded as a sign rather than a diagnosis.
All patients completed informed consent and the Copenhagen hip and groin outcome score (HAGOS), 35 a validated PROMat presentation. The Sports Surgery Clinic Hospital Ethics Committee approved the study (REF 25EF011) .
Clinical diagnostic groupings
A clinical diagnosis was the product of directed history, clinical examination and MRI findings. This process is outlined in previous work by Falvey et al.
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PA injury
History of insidious onset pain superior and medial to the groin triangle (figure 1). Tenderness (ie, pain with palpation) of the rectus abdominis insertion to the superomedial aspect of the pubic bone (figure 2). Pain (at the pubic insertion of rectus abdominis) on squeeze test, positive crossover test, pain on resisted lower abdominal muscle contraction. MRI scan findings of high signal of, microtearing of, 33 or separation of the PA from the pubic bone (figure 3). 33 
Adductor injury
History of insidious onset pain medial (but not superior) to the groin triangle ( figure 1 ). Tenderness at the adductor origin from the inferior aspect of the pubic bone (figure 2). Pain (at the adductor origin) on squeeze test, pain noted on passive abduction of hip. MRI scan findings of high signal at, microtearing of or separation of the adductor from the pubic bone. 44 
Hip injury
History of pain within or lateral to the groin triangle (figure 1). Limited internal rotation of the hip (<30°with hip flexed to 90°), pain on FABER and/or FADIR. 40 MRI scan findings consistent with hip pathology-femoro-acetabular impingement (FAI), osteochondral/chondrolabral pathology. 45 
Hip flexor injury
History of pain within the groin triangle 32 ( figure 1 ), insidious onset, worsened on rising from seated position. Pain within the Figure 1 The groin triangle-ASIS, anterior superior iliac spine, 3G point-point midway between the ASIS and upper pole of patell. TFL, tensor fascia lata; Pec, pectinius; ilioPs, iliopsoas; AL, adductor longus; Gr, gracilis; Sar, sartorius; RF, rectus femoris; VL, vastus lateralis; VM, vastus intermedius.
groin triangle on Thomas test and on resisted hip flexor passive stretch. Tenderness over the iliopsoas belly, 46 within the groin triangle. 32 
Inguinal injury
Diagnosis of exclusion where clinical and imaging findings above are not present. Resolution of presenting symptoms on local anaesthetic infiltration of ilioinguinal nerve. 47 Data were collected on sport played and level of competition. Level was grouped into 'recreational' for non-organised physical activity, 'club' for organised competition or practice, 'elite' for representative, international and professional sport.
Statistical analysis
Distributions were summarised using means (SDs) or medians (intraquartile ranges) as appropriate. Proportions were compared using χ 2 tests. Univariate associations of (1) squeeze test and (2) presence of pubic BMO on MRI with a diagnosis of PA injury were examined using logistic regression analysis. The presence, strength, independence and significance of these tests with a clinical diagnosis of PA injury was further quantified using multivariate logistic regression analysis. Statistical analysis was performed using SPSS V.20, (SPSS Inc, Chicago, Illinois, USA), using a two-sided type 1 error rate of 0.05. Two-by-two tables were created with the clinical diagnosis or imaging finding as the true positive/negative condition and the results of the clinical tests or imaging finding representing the diagnostic test being evaluated. Sensitivity, specificity, predictive values and likelihood ratios (LR) were calculated from these tables separately. Interpretation of likelihood ratios of disease for investigations was as follows; −LR <0.2 is moderate decrease in the likelihood and +LR >8 a moderate increase in the likelihood. A +LR <1.0 and a −LR >1.0 are of very limited clinical value. 48 
RESULTS Demographics
A total of 382 consecutive patients with athletic groin pain for a median time of (IQR) 36 (16-75) weeks presented for investigation and rehabilitation at Sports Surgery Clinic, Dublin, Ireland (mean±SD: age, 24.6±5.1 years; height, 181.1±5.4 cm; mass, 81.9±9.1 kg;). The majority listed gaelic football (57.9%) as their primary sport, followed by soccer (13.6%), hurling (10.5%) and finally rugby (8.6%; table 1).
Clinical examination
Pain on presentation was localised primarily to the left in 163 (42.7%) cases, to the right in 146 (38.2%) cases, and bilateral in 73 (19.1%) cases. Tenderness of the adductor origin was noted in 225 (58.9%) cases, (right-sided; n=139 (36.4%), left-sided; n=144 (37.7%). The PA was tender in 256 (67%) cases (rightsided; n=150 (39.3%), left-sided; n=166 (43.5%)). Palpation of the superficial inguinal ring and deep inguinal ring provoked the patient's presenting pain in 10 (2.6%) and 2 (0.5%) cases, respectively. Hip internal rotation was limited (<30°) on the left side in 287 (75.1%) cases and on the right side in 305 (79.8%) cases. Reduced hip rotation on either or both sides was seen in 328 (85.9%) cases.
Pain was reported in the adductor squeeze test at 90°(SQ90°) in 314 (82.2%) cases; in 290 (75.9%) cases on SQ45°and in 310 (81.2%) on SQ0°. The crossover test was painful in 159 (41.6%) cases.
MRI findings
Pubic BMO was present on MRI in 259 (67.8%) cases. Oedema was bilateral in 151 (39.5%); unilateral left-sided in 58 (15.2%); unilateral right-sided in 50 (13.1%). Abnormal adductor imaging findings were seen in 145 (38%) cases-right side 51 (13.4%), left side 67 (17.5%), bilateral 27 (7.1%). Abnormal PA imaging findings were seen in 201 (52.6%) cases -right side 90 (23.5%), left side 111 (22%), bilateral 27 (7.1%). Abnormal hip imaging findings were seen in 170 (44.5%) cases-right side 43 (11.3%), left side 41 (10.7%), bilateral 86 (22.5%). Twenty-seven (7.1%) patients had 'normal' MRI scans (no abnormal findings). More than a third (n=131, 34.3%) had 2 abnormal findings, and 112 (29.3%) patients had 3 or more abnormal findings on MRI.
Clinical diagnosis
A primary clinical diagnosis of PA injury was made in 240 (62.8%) cases, hip injury was diagnosed in 81 (21.2%) cases these overlapped in 8 (2.1%) cases. Ten patients (2.6%) were referred for arthroscopic hip evaluation. Adductor injury was diagnosed in 56 (14.7%) cases, iliopsoas injury in 10 (2.6%) and inguinal injury in 3 (0.8%) cases (all related to the ilioinguinal nerve). The 10 overlapping patients were deemed primarily PA injury secondary to an underlying hip issue.
Clinical test association with diagnostic category
The adductor SQ was closely associated with tenderness of the adductor origin; Pearsons χ 2 SQ90°, p<0.001; SQ45°, p<0.001; SQ0°, p=0.002. The adductor SQ was also associated with tenderness of the PA; SQ90°, p=0.004; SQ45°, p=0.174; SQ0°, p<0.0001. There was no association between the adductor SQ and a physician diagnosis of adductor injury; SQ90°, p=0.15; SQ45°, p=0.428; SQ0°, p=0.890. PA injury was strongly associated with adductor SQ at 0°(SQ0°, p<0.0001), less so at 90°( SQ90°, p=0.033) and 45°(SQ45°, p=0.029). The relationship of PA diagnosis and a positive adductor SQ at 0°persisted when we used logistic regression analysis (univariate) and it remained significant following adjustment for tenderness of the adductor origin, BMO on MRI, sporting activity, level of participation and duration of symptoms (table 2) .
MRI findings, associations with clinical signs
The presence of pubic BMO was closely related to site of pain (p<0.001). In particular the positive predictive value for leftsided BMO in a patient with left-sided pain was 86.21% (CI 74.62% to 93.85%) and for right-sided BMO in a patient with right-sided pain was 92% (CI 80.77% to 97.78%) while the negative predictive value of bilateral BMO in a patient with bilateral pain was 79.22% (CI 74.45% to 83.45%). The presence of BMO was closely associated with a diagnosis of PA injury on univariate logistic regression analysis (OR 2.43, 95% CI 1.5 to 3.8, p<0.001). This relationship persisted on multivariate logistic regression analysis adjusted for tenderness of the PA, SQ90°, SQ45°and SQ0°, sporting activity and level of participation but was attenuated on addition of duration of symptoms (table 3) . The presence of BMO was also closely associated with a diagnosis of pathology of the adductor origin (OR 3.8, 95% CI 1.7 to 8.7, p=0.001). Tenderness of the PA (OR 3.2, 95% CI 2.1 to 5.1, p<0.001) and adductor origin (OR 2.3, 95% CI 1.5 to 3.6, p<0.001) was closely associated with the positive imaging findings for the presence of BMO.
The presence of BMO was not associated with confirmed hip pathology on MRI scan ( p=0.172), or limitation in hip range of motion on clinical examination ( p=0.513). There was no association seen between confirmed hip pathology on MRI and limitation of internal rotation of the hip on examination, either 
Clinical utility of examination and investigations
Clinical tests such as the adductor SQ tended to be sensitive however the negative likelihood ratio of 1.95 indicates that this is a very poor test to exclude pathology of the PA (table 4) . The negative likelihood ratio for palpation of the PA of 0.22 is the most accurate way to exclude PA pathology. No tenderness is the best to rule PA injury out. The adductor SQ at all ranges were poor tests for adductor and PA pathology (table 4) . Again a strong negative likelihood ratio is seen for palpation of the adductor origin at 0.11-indicating that pain-free direct palpation of the adductor origin is the most accurate clinical test to exclude adductor pathology. Following MRI scan there was a moderate increase in the likelihood of PA and a small increase in the likelihood of adductor injury (table 5) .
The pretest and post-test odds for tests used to investigate PA and adductor injury are described in table 6. When the clinical and radiological tests were conducted in series the post-test odds of PA injury increased to 7.78 (table 6), these findings are demonstrated for PA injury in the Fagan nomogram (figure 4).
Patient-reported outcome scores
Median HAGOS scores at presentation are shown in table 7. Median HAGOS scores of 35 (IQR 25-50) for athletic function and 50 (IQR 37.5-65) for function in sport and recreation demonstrate the impact of athletic groin pain on athletic function.
DISCUSSION
This is the largest prospective cohort of patients with athletic groin pain in the literature to date, and the first to directly combine clinical and MRI findings in making a diagnosis. The cohort demographics are similar, including HAGOS scores, to previously published data. 28 29 49 The most common clinical diagnosis was pain arising the PA injury. 33 This diagnosis is described, it has not been a common diagnosis in the existing literature. 27-29 50 Previous studies describing adductor pathology did so in the absence of MRI findings, focusing on clinical examination alone; localised adductor tenderness, pain with the adductor squeeze test and painful passive abduction. 28 30 51 We highlight the poor post-test probability of the adductor SQ. We contend that rather than a new diagnosis, our diagnosis of PA injury represents the anatomical presentation seen in many previous studies but is delineated appropriately with the advent in particular of sagittal MRI.
Clinical tests classically utilised in the examination of the painful groin such as the adductor SQ 39 are unable exclude pathology of the PA or adductor. Absent tenderness at the PA and adductor insertion are specific tests with a negative likelihood ratio of 0.22 and 0.11 respectively.
Contribution of MRI to accurate diagnosis of patients with chronic athletic groin pain
The use of MRI in 'adductor related groin pain' 52 53 and groin injury, 53 has been challenged due to a risk of misinterpretation of chronic imaging changes in an acute setting. We believe our study supports the role of MRI as part of the diagnostic workup. Not only of inguinal pathology but also inflammatory change in hip joint, sacrum, ilium and proximal femora, pelvic tendon attachments and pelvic musculature. 33 54 55 In our approach to diagnosis, MRI combined with clinical tests (MRI finding of PA injury and tenderness of the PA) increases the probability of the diagnosis from a pretest probability of 62-93%, highly favourable when compared to clinical findings alone (table 6, figure 4) .
The majority of non-surgical literature in athletic groin pain has focused on the role of the adductor muscles. 28 30 31 39 51 56-58 Pain in the lower abdominal area, Sensitivity, specificity, pretest probability, pretest odds, post-test probability and post-test odds for the most useful diagnostic tests for pubic aponeurosis and adductor injury. BMO, pubic bone marrow oedema; L, left side; PA, pubic aponeurosis; R, right side; Sens, sensitivity; Spec, specificity; SQ0°, adductor squeeze test at 0°hip flexion; SQ90°, adductor squeeze test at 90°hip flexion. Figure 4 Fagan nomogram showing pretest and post-test probability and likelihood ratios of tests for pubic aponeurosis injury. BMO, pubic bone marrow oedema; MRI; PA, pubic aponeurosis; SQ0°, adductor squeeze test at 0°.
frequently occurs in combination with pain in the adductor. If the diagnosis is made clinically using tenderness of the pubic area and pain on resisted adduction, this presentation is likely to be labelled adductor pain. 39 The anatomy of the PA 33 is such the rectus abdominis insertion is in direct continuation with the adductor origin. We argue that this means the traditional dogma for diagnosing adductor pain has the potential to miss PA injury. Thus a patient with combined lower abdominal and adductor pain may be suffering from pathology in the PA area (figure 2).
Recent work 52 53 has highlighted that pubic BMO and adductor changes were common on MRI scan, in symptomatic and asymptomatic soccer players. We would agree that 'BMO may reflect a sports-specific stress reaction in the pubic bones'. 52 perhaps indicating that BMO may lie on a spectrum from normal to excessive training load. Our data supports that MRI findings of BMO, adductor and PA pathology had poor sensitivity but were specific for site of pain in athletic groin pain.
Adductor SQ: does it have limitations?
We found a strong relationship between the adductor SQ0°, the clinical signs of tenderness of the adductor origin and an MRI finding of BMO. There was no relationship between physician diagnosis of adductor pathology and the adductor SQ. We argue that pain reproduced during the adductor SQ represents a degree of distress across the anterior pubic area, both soft tissue (adductor, rectus abdominis and obliques) and bone ( pubic bone and symphysis). We dispute the dogma that the test is specific for adductor pathology. Our data indicate that the adductor SQ is sensitive for athletic groin pain, but not specific for adductor, rectus abdominis or iliopsoas pathology. Thus we argue the adductor SQ is unlikely to be diagnostic in the manner it has been argued to date. Through its various insertions into the pubic tubercle, pubic symphysis, PA and the conjoint tendon, the adductor exerts multiple force vectors across the anterior groin and difficult to isolate clinically.
This has significant implications for rehabilitation protocols used in athletic groin pain. Many utilise static or isometric contractions of the adductor to strengthen apparent adductor muscle strength deficits. 30 31 51 Many patients in this study diagnosed with rectus abdominis and hip flexor injury had a painful weakened SQ. We did not measure adductor squeeze strengths with handheld dynamometry or sphygmomanometery and thus cannot comment on deficits in this metric. Where pain inhibition of the adductor muscle rather than primary weakness is the cause of a positive SQ-rehabilitation measures, guided by adductor signs alone and subsequent adductor strengthening programmes may be misdirected. This may serve to significantly lengthen the rehabilitation process.
Hip pathology, inguinal pathology
MRI revealed abnormal signal within the hip in 170 patients (bilateral in 86 cases) this was deemed the cause of the patient's pain in less than half of these cases (n=81, 21.2% of total cases). Only 10 of these cases (2.6%) were referred for arthroscopic surgery. This is concordant with high rates of asymptomatic hip imaging changes seen in collegiate athletes, 59 and high incidences of hip morphological changes in patients presenting with adductor-related athletic groin pain. 58 The superficial and deep inguinal rings were palpated in all patients via invagination of the scrotum. The correlation of physical examination and MRI has a specificity of 94.5% and specificity of 96.3% in the diagnosis of inguinal hernia. 60 Inguinal canal pathology was not diagnosed. Multiple abnormalities were however identified on MRI scan in nearly two-thirds of patients (n=243, 63.6%).
Limitations
There are some limitations in this work.
The MRI protocol used in this study did not include axial oblique images of the femoral head/neck. Sequences used were primarily directed toward soft tissue pathology in the anterior groin. Further imaging of the hip, where clinically relevant, was performed.
The examination performed was standardised and based on published literature in the area. Both examining physicians have published on the most evidence-based means of examining the groin. Where possible validated tests with inter-tester reliability were used, inter-tester reliability was not assessed for the standardised examination.
Control groups for comparison of both clinical and radiological findings were not included in this work, this raises the possibility that chronic yet asymptomatic MRI findings may have been included. 52 
CONCLUSION
In this largest cohort of patients with athletic groin pain combining clinical and MRI diagnostics-we made the diagnosis of PA injury in 63% of the series. This diagnosis should be considered more often by clinicians working in this area-failure to do so underestimates the role of lower abdominal musculature in the genesis of athletic groin pain.
The adductor SQ was sensitive for athletic groin pain, but not specific for adductor, PA or iliopsoas pathology. The specificity and post-test probability of diagnosis were improved by combination of clinical ( palpation) and radiological findings in series.
The improved post-test diagnostic probabilities seen following the incorporation of MRI in the diagnostic process highlights the benefits of immediate correlation between clinical examination and MRI by the sports physician. Surgery for presumed inguinal pathology dominates the literature yet we failed to identify a hernia, clinically or radiologically, despite MRI findings of a variety of concomitant abnormalities in any subject. Nearly two-thirds of patients (63.6%) demonstrated pain and abnormality in multiple anatomical structures. This implies that at any point in time a number of structures may be 'pathological' resulting in pain. As a result we argue that focusing on injury mechanism may be more productive rather than attempting to isolate individual pathological structures. If our approach proves correct, addressing biomechanical abnormalities will prove a novel treatment approach. What are the findings?
▸ The most common diagnosis was that of pubic aponeurosis injury. ▸ MRIs commonly revealed several areas of abnormal signal, -raising the possibility of several sources of pain in the one patient. ▸ A combination of clinical findings and MRI improved post-test diagnostic probability. ▸ Despite the prevalence of abnormal hip signal on MRI, relatively few patients met the criteria for surgical intervention.
How might it impact on clinical practice in the future?
▸ Future work should be directed at understanding the underpinning biomechanical loads in change of direction and the development of femoroacetabular impingement and pubic bone oedema. ▸ Reliance on clinical tests alone to make the diagnosis has the potential for inaccuracy and MRI support may improve diagnostic likelihood ratios. ▸ This paper outlines an integrated physical examination and radiological review for accurate diagnosis of athletic groin pain. It highlights the presentation of multiple concurrent pathologies (a combined clinical radiological diagnosis) and lack of sensitivity of individual physical diagnostic tests. ▸ Diagnostic and rehabilitation strategies aimed at and designed toward treating single pathological anatomical entities are likely to be limited.
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